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Concrete reinforcing fibers are a fairly new technology being used in the construction industry to
replace reinforcing bar in various applications. In partnership with Largo Concrete, Master Builders
Solutions, and Cal Portland, this action research-based project aimed to test how the MasterFiber
360FF synthetic reinforcing fibers impact plastic shrinkage cracking with various types of aggregate
using the ASTM C1579-06 test. The end goal of this project is to provide a baseline for future
construction management students to test plastic shrinkage using the C1579-06 apparatus that was
built to produce further knowledge on the feasibility of concrete reinforcing fibers. The review of
literature focuses on the different types of reinforcing fibers and plastic shrinkage in relation to
surface cracking. Experiments were conducted which consisted of mixing and pouring concrete
according to the C1579-06 ASTM standard with and without reinforcing fibers and comparing the
size of surface cracks. The findings of this process, which will continue to be expanded upon by
future students, show that reinforcing fibers have potential to replace steel reinforcing bar and can
reduce surface cracking, however in order to produce reliable data, many more tests will need to be
conducted.
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Introduction
Concrete reinforcing fibers, though present in various projects and used for quite some time in the
past, are not a familiar material for construction management students. These fibers come in many
shapes, sizes, and materials, each with their own properties and benefits. Traditional steel reinforcing
systems are extremely laborious and costly, and while these systems are what the majority of project
teams opt for when selecting concrete reinforcement, educating future construction professionals on
new technology can reduce future project costs.
When comparing fiber reinforcement to traditional steel reinforcement, we can look at three
categories: durability, cost, and safety. In terms of durability, traditional steel reinforcing bar is
limited to two dimensions, has effectiveness that is dependent on location, and has the potential to
corrode. On the other hand, fiber reinforcement is multi-directional, can increase impact resistance,
and is non-corrosive. Cost wise, as previously mentioned, steel reinforcement requires extensive
labor, is very time consuming, and requires storage and handling. With fiber reinforcing, the
reinforcement comes mixed into the concrete ultimately eliminating all chair and tie set-up time.
Finally, all of the safety hazards like hand lacerations and back injuries that are associated with
traditional steel reinforcement installation are eliminated when using fiber reinforcement.
If students are introduced to technology like fiber reinforcement early on in their careers, they will be
more likely to incorporate such technology into their projects in the future, allowing both time and
money savings. The goal of this research project is to kickstart the continuation of exploration into the

applications of fiber reinforcement within Cal Poly’s Construction Management program by
providing the necessary apparatus, mix designs, methodology, and mitigation measures for the
unforeseen errors that were encountered during the first phase of initial sampling.

Literature Review
Types of Reinforcing Fibers
There are many types of reinforcing fibers including type I which is made of steel, type II made of
glass, type III made out of polypropylene, and type IV made from natural materials like cellulose
(How to cite master builder presentation?). Type I reinforcing fibers “improve static and dynamic
tensile strength, energy absorbing capacity and better fatigue strength” and essentially increases
strength and ductility (Mohod, 2012). Type II reinforcing fibers “are known to arrest the plastic
shrinkage and drying shrinkage cracking” (Murthy, Sharda, & Jain, 2012). Type III fibers, the ones
being used in this project, have the ability to “control cracks, increase the tensile strength, toughness
and to improve the deformation characteristics of the composite” as well as the capability to “reduce
the water permeability, [and] increase the flexural strength due to its high modulus of elasticity”
(Madhavi, Raju, & Mathur, 2014). The type IV reinforcing fibers which has been “found to enhance
axial compressive strength of concrete but weakens splitting tensile strength” (Xu et al., 2020).

Plastic Shrinkage in Relation to Surface Cracking
Surface cracking in concrete is a constant issue that results from shrinkage due to the evaporation of
the water that is in the concrete mix. One method used to evaluate plastic shrinkage cracking with
fiber reinforcement is the ASTM C1579 test. According to the standard, “the test method is intended
to evaluate the effects of evaporation, settlement, and early autogenous shrinkage on the plastic
shrinkage cracking performance of fiber reinforced concrete” (ASTM, 2006).
The exact testing environment indicated in the ASTM C1579 standard includes the apparatus placed
in “the environmental chamber downstream from the fan” (ASTM, 2006).

Research Objective
The objective of this research is to investigate the impact that fiber reinforcement has on plastic
shrinkage in concrete and if fiber reinforcement has the potential to replace traditional steel
reinforcing bar in the future. Due to the extensive nature of this project including collecting materials,
constructing the apparatus, meeting with industry professionals, attaining proper mix designs, and
pouring initial samples, another goal of this research is to provide future students with a baseline for
continuation of this research project.

Methodology
The first phase of the project involved several meetings and conversations with Largo Concrete and
Master Builder Solutions where background knowledge was developed in order to establish a set goal
and plan for the incorporation of reinforcing fibers. These meetings resulted in receival of
MasterFiber 360FF and MasterFiber Mac Matrix from Master Builder Solutions, and 3/8” river rock,
3/8” crushed rock, 3/4” river rock, sand, and high-range water reducing admixture from Cal Portland.
From here, industry contacts assisted in developing six mix designs with varying aggregate sizes and
fiber types. See table 1 below for mix designs received from Master Builder Solutions.
Table 1.
Mix Design Components Per Cubic Foot
Mix A1
3/8" River Rock
54.074 lb/cf
Sand
49.889 lb/cf
Cement
25.185 lb/cf
Water
12.593 lb/cf
Master Fiber 360FF
0.370 lb/cf
HRWRA
1.511 oz
Mix B2
3/8" Crushed Rock
51.481 lb/cf
Sand
53.259 lb/cf
Cement
24.444 lb/cf
Water
12.222 lb/cf
Master Fiber MacMatrix 0.370 lb/cf
HRWRA
1.344 oz

Mix A2
3/8" River Rock
52.778
Sand
52.778
Cement
24.444
Water
12.222
Master Fiber MacMatrix 0.370
HRWRA
1.344
Mix C1
3/4" River Rock
54.593
Sand
49.593
Cement
25.000
Water
12.500
Master Fiber 360FF
0.370
HRWRA
1.511

lb/cf
lb/cf
lb/cf
lb/cf
lb/cf
oz
lb/cf
lb/cf
lb/cf
lb/cf
lb/cf
oz

Mix B1
3/8" Crushed Rock
Sand
Cement
Water
Master Fiber 360FF
HRWRA
Mix C2
3/4" River Rock
Sand
Cement
Water
Master Fiber MacMatrix
HRWRA

53.704
49.444
25.185
12.593
0.370
1.511

lb/cf
lb/cf
lb/cf
lb/cf
lb/cf
oz

51.852
53.444
24.444
12.222
0.370
1.344

lb/cf
lb/cf
lb/cf
lb/cf
lb/cf
oz

Once these mixes were received, it was decided that for time and experimental purposes, only the
mixes that included the MasterFiber 360FF fibers (A1, B1, C1) would be tested. Another change, with
confirmation from the mix design team, was to create control mixes that included the same material
weights as mix A1, B1, and C1, without mixing in the MasterFiber 360FF in order to compare how
the fiber samples performed against samples without fibers.
Before pouring could begin, the ASTM C 1579 apparatus (see figure 1) needed to be constructed. The
materials for this testing apparatus were acquired using spare plywood from the Simpson Strong Tie
Laboratory on Cal Poly’s campus. See figure 2 for the final product.

Figure 1. Geometry of the mould built according to ASTM C 1579

Figure 2. The constructed mould designed according to ASTM C 1579
Per the product developer at Master Builder Solutions, it was necessary to mix the fibers in a
particular fashion. This process consisted of first pouring the aggregate into the mixer, followed by
the fibers, after which the drum is covered and mixed for five minutes. Half of the sand is then added,
followed by cement, then the rest of the sand, and finally the water which had the admixture
incorporated beforehand.
According to the ASTM C 1579, “at 24 h from initial mixing, the average crack width is determined,”
so 24 hours after pouring, the crack would be measured in millimeters and recorded (ASTM, 2006).
Once the sample was poured, it was weighed, finished, and placed in front of a fan in order to provide
sufficient drying conditions to induce shrinkage. The sample was then removed from the mould after
24 hours to allow room for the next pour.

Analysis
It is important to note that the environment used to test the mixes in this project varies slightly from
that specified in the ASTM C1579 standard. See figure 3 below for the fan box environmental
condition. For this project, a similar condition was set up using a fan to replicate the drying conditions
shown below. Because of this discrepancy, there is a possibility that the exact conditions were not
met, however this will be discussed in the results section.
Due to time constraints, the mixes that were successfully poured and recorded were mix A1 and B1.
In total four initial samples were collected, two containing fibers and two without fibers. The A1
samples contained 3/8” river rock aggregate and the B1 samples contained 3/8” crushed rock
aggregate. This issue, however, will be resolved with the continued research conducted by future
students and the results will provide more interpretable data using a much greater sample size.

Another important thing to note is the alteration of the apparatus by decreasing the height by moving
the steel form insert up an inch. This project, being essentially a baseline for future students to
conduct similar research, consisted of trial and error and adjustment to induce cracking.

Figure 3: Example of Fan Box to Maintain Environmental Conditions according to ASTM C1579

Results
The results of this project are shown through both slump tests as well as crack widths which allow for
calculation of the crack reduction ratio. The initial mix (A1) with fibers had a slump of 3 in. and did
not show any cracking after 24 hours of dry time. From here, the apparatus was adjusted to induce
shrinkage even more by moving the steel form insert. After this alteration, the next mix (A1) without
fibers had a slump of 1 in. and cracked with the width of 0.5mm. Mix B1 with fibers has a slump of 1
inch and a crack width of less than 0.01mm. Mix B1 without fibers had a 1.5-inch slump with a
0.7mm crack. Mix C1 was not able to be completed to collect accurate data to report due to time
constraints.
As previously stated, the data collected during this phase of the project is strictly preliminary and
cannot produce accurate results due to the small sample size. In the future, the students who continue
this research will be able to report data that will reflect a clear trend from the collected samples. This
data is presumed to reflect that surface cracking caused by shrinkage is decreased with the

incorporation of concrete reinforcing fibers. Currently, it is difficult to hypothesize how different
types and sizes of aggregate impact the performance of the fibers in relation to surface cracking,
however from the preliminary data collected, it can be hypothesized that the smaller aggregate sizes
perform better with the fibers than the larger aggregate does.

Areas of Further Research
This project provides a lot of information and resources for further research, especially for future
senior projects. Testing Mix C1 with and without reinforcing fibers can help to produce a greater
sample size and expand the interpretation of the results greatly. Similarly, because time constraints
did not permit the testing of the MasterFiber MacMatrix mixes and their control mixes (A2, B2, and
C2). With the combination of all of this data, more information on the performance of reinforcing
fibers and how they interact with different sizes and shapes of aggregate will be produced.
One recommendation that can be made for future students pursuing further research on this topic is to
construct additional apparatus’ in order to allow for multiple pours in one day. Additionally, the
construction of the exact fan box environmental chamber could be a great project in itself and would
allow for even more shrinkage in the samples.
Another area that can be researched further is the plastic shrinkage of concrete using various types of
reinforcing fibers and comparing those results. Considering the wide range of properties in each
reinforcing fiber, it is likely that the shrinkage would vary greatly. This data could eventually lead to
testing of different reinforcing fibers for structural applications opposed to their primary use in slabs.

Reinforcing fibers, as mentioned previously, have huge potential to decrease labor, time, and storage
costs associated with traditional steel reinforcing bar. An interesting expansion on this idea would be
a study that compared the cost difference of similar sized projects where one used fiber reinforcing
and the other used traditional reinforcing bar.
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